The possibility that some factor in serum changes the substrate specificity of purified human plasma carboxyl esterase, which hydrolyzes the short chain fatty acid ester, tributyrin, was investigated. The purified carboxyl esterase from human plasma hydrolyzed 48 mmol of tributyrin/mg of proteinlh, monoolein at 1560 pmol of released fatty acids/mg of protein/h, diolein at 133 pmol of released fatty acids/mg of protein/h, and triolein at less than 10 pmol of released fatty acids/ mg of protein/h. When human serum was applied to phenyl-Sepharose, a triolein hydrolysis-promoting factor (THPF) for purified carboxyl esterase was bound to the gel and was eluted with water. This partially purified human serum THPF enhanced carboxyl esterase-catalyzed triolein hydrolysis about 30-fold, diolein hydrolysis 2-fold, and monoolein hydrolysis 1.5-fold. Hydrolysis of triolein in very low density lipoproteins (d c 1.006) and intermediate lipoproteins (1.006 < d c 1.019) by carboxyl esterase was also enhanced by addition of THPF. THPF activity was reduced by treatment of delipidation, but resistant to trypsin treatment or heating at 50 "C. These results indicated that serum carboxyl esterase can hydrolyze the long chain fatty acid ester, triolein, in the presence of triolein hydrolysis-promoting factor in serum.
The possibility that some factor in serum changes the substrate specificity of purified human plasma carboxyl esterase, which hydrolyzes the short chain fatty acid ester, tributyrin, was investigated. The purified carboxyl esterase from human plasma hydrolyzed 48 mmol of tributyrin/mg of proteinlh, monoolein at 1560 pmol of released fatty acids/mg of protein/h, diolein at 133 pmol of released fatty acids/mg of protein/h, and triolein at less than 10 pmol of released fatty acids/ mg of protein/h. When human serum was applied to phenyl-Sepharose, a triolein hydrolysis-promoting factor (THPF) for purified carboxyl esterase was bound to the gel and was eluted with water. This partially purified human serum THPF enhanced carboxyl esterase-catalyzed triolein hydrolysis about 30-fold, diolein hydrolysis 2-fold, and monoolein hydrolysis 1.5-fold. Hydrolysis of triolein in very low density lipoproteins (d c 1.006) and intermediate lipoproteins (1.006 < d c 1.019) by carboxyl esterase was also enhanced by addition of THPF. THPF activity was reduced by treatment of delipidation, but resistant to trypsin treatment or heating at 50 "C. These results indicated that serum carboxyl esterase can hydrolyze the long chain fatty acid ester, triolein, in the presence of triolein hydrolysis-promoting factor in serum.
Fatty acid ester hydrolases can be classified into two types, esterase that hydrolyzes the short chain fatty acid ester tributyrin, and lipase that hydrolyzes the long chain fatty acid ester triolein. Usually, purified lipase can hydrolyze both triolein and tributyrin (1-5), but esterase cannot hydrolyze triolein (6, 7) . These findings suggest that the structures of lipase and esterase are very similar, but that their modes of substrate recognition are different; the former may have a hydrophobic substrate recognition site, whereas the latter does not. This idea is supported by the findings that on trypsin treatment human hepatic triglyceride lipase loses its triolein hydrolyzing activity, but retains its tributyrin hydrolyzing activity (8) , and the trypsin-treated enzyme no longer binds to triolein emulsion. Human serum contains a carboxyl esterase (6, (9) (10) (11) (12) , but its role is still unclear, because there is no short chain fatty acyl ester in serum in physiological conditions. In this work, we examined the possibility that the * The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "aduertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
substrate specificity of this carboxyl esterase might be changed by serum factors, so that it could hydrolyze the long chain fatty acyl ester triolein. The results obtained suggested the existence of a factor in human serum that promotes triolein hydrolysis by purified carboxyl esterase.
MATERIALS AND METHODS
Carboxyl esterase was purified from human plasma by affinity chromatography on p-trimethylammonium anilinium dichlorideSepharose, and DEAE-Sephadex according to the method reported by Tsujita et al. (9) . p-Trimethylammonium anilinium dichlorideSepharose was kindly provided by Dr. Hiromichi Okuda and Dr. Takashi Tsujita (Ehime University, Japan). Carboxyl esterase activity was measured using tributyrin as substrates. The precise methods were previously reported (1, 2) . Briefly, the reaction mixture contained 1 mM tributyrin, 0.025 pCi of glycerol tri[l-14C]butyrate (specific activity, 43.8 mmol/mCi; New England Nuclear), 0.1% acetonitrile, 10 pg of purified protein of carboxyl esterase, and 2% fatty acidfree bovine serum albumin (Sigma, Fraction V) in a final volume of 0.5 ml of 50 mM Tris-HC1 (pH 8.4), containing 0.9% NaCl. Incubation was performed a t 37 'C for 30 min. The reaction was stopped by adding 3.25 ml of ch1oroform:methanol:heptane (10:97) solution and then 1 ml of 0.1 N NaOH. The mixture was mixed for 15 s and then centrifuged at 2000 rpm for 10 min. Radioactivity in 1 ml of the resultant supernatant was counted by a scintillation counter, Lac Beta (LKB Ltd., Stockholm, Sweden). , and an appropriate amount of THPF' in 250 pl and was incubated for 2 h a t 37 "C. The reaction was stopped by adding Folch's extraction solution (13) , and fatty acid, monoglyceride, diglyceride, and triglyceride were separated by thin layer chromatography. The solvent system was petroleum etherdiethy1 ether:formic acid (60:4015). To determine triolein hydrolyzing activity routinely, the released [14C]oleic acids were extracted by the method of Belfrage and Vaughan (141, and its radioactivity was counted in a scintillation counter (Lac Beta, LKB Co.). PhenylSepharose column chromatography of serum was performed as follows. Serum (50 ml) was applied directly to phenyl-Sepharose (50 ml) equilibrated with buffer containing 0.9% NaCI, 10 mM Tris-HC1 (pH 7.4) and washed with 500 ml of the same buffer. Then material was eluted with water and the eluate was collected.
Protein concentration was measured by the method of Lowry et al. 
RESULTS AND DISCUSSION
The purified carboxyl esterase from human serum gave a single band of protein on polyacrylamide gel electrophoresis. The protein band coincided with esterase activity that hydrolyzed a-naphthylacetate (data not shown). These are already reported by Tsujita et al. (9) . The purified enzyme hydrolyzed 48 mmol of tributyrin/mg of protein/h.
As shown in Table I , with monoolein the purified enzyme released 1560 pmol of fatty acids/mg of protein/h and with diolein it released 133 pmol of fatty acids/mg of protein/h. It scarcely hydrolyzed triolein; the rate of fatty acid release was 8.0 pmol/mg of protein/h. These results indicated that puri-~ The abbreviation used is: THPF, triolein hydrolysis-promoting factor. The rates of hydrolysis were measured as described under "MaMeasured as tributyrin hydrolyzed.
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e Measured as fatty acids released. arose. Chromatography was performed as described under "Materials and Methods." THPF activity in 100 p1 of each fraction was measured in the presence of 10 pg of carboxyl esterase as described under "Materials and Methods." fied enzyme was essentially carboxyl esterase, which hydrolyzes short chain fatty acid esters. But even for long chain fatty acid esters, the enzyme hydrolyzed long chain fatty acid esters (monoolein > diolein > triolein) in order of their hydrophilicity (monoolein > diolein > triolein). These results may indicate that the important regulatory factor for the hydrolysis of fatty acid esters is the coincidence of the hydrophobicities between enzyme and substrates. Hepatic lipase in post-heparin plasma shows both lipase and esterase activity and presumably has a catalytic site with esterase activity and a lipid interface recognition site that is susceptible to trypsin treatment (8) . However, it might be possible that carboxyl esterase acts as a lipase in some conditions. Okuda and Fujii (7) reported that rat liver esterase acts as a lipase. In the next series of experiment, we examined whether carboxyl esterase can act as a lipase.
Human plasma was applied directly to a phenyl-Sepharose column equilibrated with 10 mM Tris-HC1 buffer, pH 7.4, containing 0.9% NaC1, and the column was washed with 500 ml of the same solution. Then, material was eluted with water, and triolein hydrolysis-promoting activity in each fraction was determined. Without purified carboxyl esterase, there was no triolein hydrolyzing activity, but in the presence of carboxyl esterase, triolein hydrolysis was observed as shown in Fig. 1 . These results indicated that human serum contained T H P F for carboxyl esterase. This factor (THPF) bound to phenyl-Sepharose and was eluted with water. These results also suggested that THPF is a hydrophobic substance. This partially purified T H P F fraction was characterized further. With increase in the amount of THPF up to 120 pg, triolein hydrolysis increased about 15 times (Fig. 2C) , while monoolein hydrolysis increased almost 2.5-fold (Fig. 2 A ) and diolein hydrolysis increased about 2-fold (Fig. 2B) .
The rates of hydrolysis of triolein in various conditions were compared. THPF enhanced the rates of hydrolysis of triolein emulsified with Triton X-100, dioleoyl phosphatidylcholine, or arabic gum to similar extents (Table 11 ). It' also enhanced the hydrolyses of very low density lipoproteintriolein and intermediate density lipoprotein-triolein, as shown in Table 11 . But THPF did not enhance the hydrolysis of palmit~['~C]oleoyl phosphatidylcholine by carboxyl esterase (Table 111 ). These results indicated that carboxyl esterase 
TABLE IV Effect of various treatments on human THPF activity
For delipidation, 2 ml of the phenyl-Sepharose-bound fraction of human plasma (Fig. 1, Fractions 13-17) was mixed with 20 ml of cold acetone. After 60 min at -20 "C, the mixture was centrifuged at 3000 X g for 10 min. The pellet was suspended with ethanokdiether ether (1:l) and recentrifuged. The pellet was suspended with diether ether and centrifuged. The solvent was removed from the resultant pellet with N, gas, and the pellet was dissolved in 0.9% NaCl, 10 mM Tris-HC1, pH 7.4. For trypsin treatment, the preparation was incubated with 200 pg/ml of trypsin (Sigma, Type I) for 20 min, and then 200 ug/ml of sovbean trwsin inhibitor (Sigma, T w e 11-S) was added. (Table IV) . Heat treatment for 60 min at 50 "C :ificity of Carboxyl Esterase 5227 caused 30% loss of T H P F activity, while heat treatment for 10 min at 90 "C caused 55% loss of activity. Freezing and thawing had little effect on its activity. Delipidation of THPF with acetone resulted in complete loss of activity, but trypsin treatment had no effect. These results suggest that THPF contains some lipid, and the lipid may play an important role in triolein hydrolysis-promoting activity for carboxyl esterase, but the precise mechanism requires further study. We are now characterizing THPF and examining the physiological significance of THPF and carboxyl esterase.
